Abstract. This study aimed to examine the association between floods and the morbidity of dysentery and to quantify the burden of dysentery due to floods in Nanning, China. A generalized additive mixed model was conducted to assess the relationship between monthly morbidity of dysentery and floods from 2004 to 2010. The years lived with disability (YLDs) of dysentery attributable to floods were then estimated based on the WHO framework of the burden of disease study for calculating the potential impact fraction. The relative risk (RR) of floods on the morbidity of dysentery was 1.44 (95% confidence interval [CI] = 1.18-1.75). The models suggest that a potential 1-day rise in flood duration may lead to 8% (RR = 1.08, 95% CI = 1.04-1.12) increase in the morbidity of dysentery. The average attributable YLD per 1,000 of dysentery caused by floods were 0.013 in males, 0.005 in females, and 0.009 in persons. Our study confirms that floods have significantly increased the risk and the burden of dysentery in the study area. Public health action should be taken to prevent and control the potential risk of dysentery after floods. Vulnerable groups such as males and children should be paid more attention.
INTRODUCTION
Floods are the most common natural disaster in both developed and developing countries. On average, floods and other hydrological events have accounted for over 50% of the disasters between 2001 and 2010 globally. 1 Under future climate change, altered patterns of precipitation and sea level rise are expected to increase the frequency and intensity of floods in many regions of the world. 2 Guangxi province, located in a tropical and subtropical monsoon climate area, suffered from flood disasters frequently. 3 Persistent and heavy rainfall caused several floods from 2004 to 2010 in Nanning City of Guangxi. 4 The floods destroyed houses and forced an evacuation of thousands of people from homelands. Frequent occurrence of floods in recent years have caused inestimable economic losses. 5 The health effects of floods are complex and far reaching, which may include increased mortality and morbidity of diarrheal diseases. 6 Dysentery is an important cause of disease burden in the world, particularly for resource-limited countries and for children under age of 5 years. Dysentery, including bacillary dysentery and amebic dysentery, remains a major public health problem in some developing countries including China. 7 The incidence of dysentery each year ranged from 15.5 to 32.9 per 100,000 in Guangxi during [2004] [2005] [2006] [2007] [2008] [2009] [2010] , which was the second most common disease among the 39 of notified infectious diseases in China. 8 Diarrheas including dysentery are common infectious diseases related to floods. 9 Morbidity of dysentery may increase because of the transmission and infection of the pathogens during/after floods. For example, a study from northern China revealed that floods may be significantly associated with dysentery (relative risk [RR] = 1.66, 95% confidence interval
[CI] = 1.52-1.82). 10 However, the association between floods and dysentery is far from clear. Some studies found there was no clear evidence that floods can increase the morbidity of dysentery after controlling seasonality and other confounding factors. 11, 12 More research is needed to elucidate the potential risk of floods on the transmission of dysentery. With few studies conducted to quantify the risk and burden of dysentery due to floods, the effects of the floods on dysentery in Nanning remain unknown. Therefore, this study was aimed to explore the association between dysentery and floods based on a longitudinal analysis from 2004 to 2010 in Nanning City. Results will contribute to have a better understanding of the health impacts of floods and assist in developing local strategies to reduce the future risk of dysentery associated with floods.
MATERIALS AND METHODS
Study area. Nanning, the capital of Guangxi Province, is located between latitudes 22°13′ and 23°32′ N and longitudes 107°45′ and 108°51′ E, with two rivers named You River and Yong River (Figure 1) . The city has a subtropical monsoon climate with an annual average temperature of 21.6°C and an annual average rainfall between 1,241 and 1,753 mm. 13 Nanning has an area of 33,112 km 2 and a population of 6.82 million in 2010.
Data collection and management. Disease surveillance data. Monthly disease surveillance data of dysentery from January 2004 to December 2010 were obtained from the National Notifiable Disease Surveillance System (NDSS). The definition of dysentery, according to the NDSS, is a group of the human diseases that are caused by Shigella and protozoan parasite Entamoeba histolytica, accompanied by fever, abdominal pain, tenesmus, and bloody or mucus stool as the typical clinical presentation. In our study, all dysentery cases were defined based on the diagnostic criteria and principles of management for dysentery (GB 16002-1995 Therefore, it is believed that the degree of compliance with disease notification was consistent over the study period.
Data on floods. The yearbooks of meteorological disasters in China recorded the occurrence of floods and their consequences, including number of deaths, damaged areas, and economic loss from 2004 to 2010. 4 According to the yearbooks of meteorological disasters in China, there were eight floods recorded in Nanning from 2004 to 2010. Most of them occurred in June and July. In total, eight floods affected 3,912 thousand people and killed 13 people with more than 14,056 houses toppled with estimated economic damage of approximately 740 million Yuan (US$121 million).
Demographic and meteorological data. Demographic data were obtained from the Center for Public Health Science Data in China (http://www.phsciencedata.cn/). Monthly meteorological data were obtained from the China Meteorological Data Sharing Service System (http://cdc.nmic.cn/). The meteorological variables included monthly cumulative precipitation (MCP), monthly average temperature (MAT), monthly average relative humidity (MARH), monthly average wind velocity (MAWV), and monthly cumulative sunshine duration (MCSD).
Study design and statistical analysis. Quantifying the association between floods and morbidity due to dysentery. First, a descriptive analysis was performed to describe the distribution of morbidity of dysentery for the flooded and nonflooded months. Then spearman correlation was adopted to examine the association between floods, climate variables, and the morbidity of dysentery with various lagged values. The lagged value with the maximum correlation coefficient for each variable was included in the subsequent regression analysis. According to the living habits of the pathogen and the incubation period of dysentery, a time lag of 0-2 months was considered in our study. 17 Second, a Poisson regression with a generalized additive mixed model (GAMM) was developed to examine whether floods was related to the morbidity of dysentery. The generalized additive model (GAM) method is an effective technique for conducting nonlinear and linear regression analysis in time-series studies with a Poisson regression. 18 GAM allows Poisson regression to be fit as a sum of nonparametric smooth functions of predictor variables. The GAMM allows the parametric and nonparametric functions to be analyzed together in the model. In time-series studies of the association between weather variables and health outcomes, GAM has been widely applied, because it allows for nonparametric adjustment of confounding effects of seasonality and long-term trends. 19 Several studies showed that meteorological factors, such as mean temperature, cumulative precipitation, average wind velocity, average relative humidity, and cumulative sunshine duration, were associated with diarrheal diseases. [20] [21] [22] Consequently, the GAMM model was performed to evaluate the association between the morbidity of dysentery and flood variables with adjustment for the multiple-lag effects of MAT, MCP, MARH, MAWV, and MCSD. Because of the high correlation between floods and flood duration, we designed two models for floods and flood duration to avoid collinearity. The GAMM regression models can be written as:
where Y t denoted the monthly number of dysentery cases at time t, which represented the specific month. Ln(population) was designed as an offset to make the model appropriate for rate 23 Calculations of YLDs were made using Microsoft Office Excel 2010 (Microsoft Corp., Redmond, WA).
The potential impact fraction (PIF) was estimated based on the environmental framework of comparative risk assessment (CRA), developed by the WHO for the percentage of burden of dysentery due to floods. 24 The formula for PIF was described as follows:
where p i = proportion of the population in exposure category i and RR i = relative risk at exposure category i compared with the reference level.
Finally, to calculate the attributable burden of dysentery due to floods, we used the equation as follows:
Attributable YLDs ¼ PIF Â YLDs
RESULTS
Descriptive and correlation analysis. A total of 16,183 cases of dysentery were notified in the study area over non-flooded and flooded months from 2004 to 2010. The morbidity of dysentery had a mild secular trend and a distinct seasonal trend with most cases occurred during summer (Figure 2) .
Spearman correlation analyses suggested that the monthly incidence of dysentery was positively correlated with floods (r = 0.48, lag = 0, P < 0.05), monthly flood duration (r = 0.55, lag = 0, P < 0.05), MCP (r = 0.50, lag = 0, P < 0.05), MAT (r = 0.62, lag = 0, P < 0.05), MARH (r = 0.39, lag = 0, P < 0.05), and MCSD (r = 0.45, lag = 1, P < 0.05) with relevant lag times from 0 to 1 month. However, the MAWV (r = −0.47, lag = 2, P < 0.05) was negatively correlated with the morbidity of dysentery with a lag time of 2 months.
Regression analysis. The parameters of the GAMM and RRs of floods for the risk of dysentery are presented in Table 1 . Results showed that the morbidity of dysentery was significantly associated with both floods (coefficients = 0.364, P < 0.001) and flood duration (coefficients = 0.075, P < 0.001). After adjusting meteorological factors, the RR value for dysentery during flooded months was 1.44 (95% CI = 1.18-1.75). The GAMM suggested that a 1-day increase in flood duration was related to an extra 8% (RR = 1.08, 95% CI = 1.04-1.12) incidence of dysentery.
Analysis for attributable YLDs of dysentery. Figure 3A shows the burden of dysentery during flooded months among Figure 4A displays the average annual burden of dysentery during flooded months in males and females and among different age groups. The average YLD per 1,000 of dysentery was highest in children under the age of 4 years (0.117), followed by the group of 5-14 years of age (0.006). Since we considered the morbidity of dysentery during flooded months only, the proportion of population in the flooded category can be 100% ( p i = 1). On the basis of the estimates of RRs and the formula of PIF provided above, PIF of the study population exposed to floods alone was 0.306. Figure 3B shows attributable YLD per 1,000 of dysentery caused by floods in males and females. The average attributable YLD per 1,000 of dysentery caused by floods was 0.004 in males, 0.001 in females, and 0.003 in persons. Figure 4B shows the average annual attributable YLD per 1,000 of dysentery caused by floods in males and females and among different age groups. Result showed that children under 4 (0.036) and 5-14 years (0.002) of age carried more attributable burden of dysentery due to floods than the other age groups.
DISCUSSION
Our study, for the first time, has quantified the risk and burden of dysentery due to floods in Nanning. The results indicate that floods play an important role in the epidemic of dysentery during the flooded months after controlling related meteorological factors and seasonal trend. Children aged 0-4 and 5-14 years were the most vulnerable groups of dysentery. Since our study was only based in Nanning City, the real impact of floods on dysentery will be much larger than the estimates from this study, given the larger population at risk in China.
An increased risk of diarrheal disease after floods has been reported in other countries. After severe flooding occurred in the midwestern United States in 2001, an increase in the incidence of gastrointestinal symptoms during the flood was observed (incidence rate ratio = 1.29, 95% CI = 1.06, 1.58). 25 A German study also showed that the major risk factor for diarrhea was contacting with floodwater (odds ratio = 5.8, 95% CI = 1.3-25.1). 26 Similar findings have been reported in our study. The results of the multivariate models shows that after the adjustment of meteorological factors and seasonal trend, floods could be an independent risk factor for dysentery, and the risk of dysentery could be higher from a prolonged flooding than that from a shorter one. Suitable temperature and rainfall during flood period are conducive to the breeding of germs and propagation. Several studies showed that pollution of drinking water has been associated with water-borne disease outbreaks, such as dysentery, cholera, hepatitis A, typhoid fever, and other gastrointestinal diseases after floods. 27, 28 Dysentery as a water-borne disease is caused by ingestion of water contaminated by human or animal feces that contain Shigella or the protozoan parasite E. histolytica.
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A study from Pakistan showed that 20% of the drinking water samples collected during flood periods were contaminated with Shigella, Vibrio cholerae, Salmonella, Staphylococcus aureus, and others, which means the risk of outbreaks may increase because drinking water can be easily contaminated by pathogens during flood periods. 30 Our study has identified that attributable burden of dysentery due to floods could be more severe in males than in females. In addition, we found that children aged 0-4 and 5-14 years were vulnerable groups of dysentery, especially 0-4 years old boys. It is not clear whether the difference between genders was caused by different behaviors to floods response. A possible explanation is that males participated in more relief work and engaged more frequently than females, leading to a higher exposure for males in the flood period. The reason for a high burden of dysentery in children cannot be identified from our study. This may be because that young children have more contact with infected floodwater because of exposure during play and lack of attention to hygienic practices during floods. Skin contact with floodwater is a risk factor for diarrhea, this effect was pronounced in children. 25 These may bring more burden of dysentery to young children than others, which suggest that children, as vulnerable groups, must be paid more attention during floods. The reason why the burden is higher in boys than girls is not clear. The attributable burden of dysentery due to floods has been lower in recent years, which may be due to the rapid development of social economy and improvement of the public health facilities in China. However, compared with developed countries, the burden of dysentery due to floods in China is still a serious public health problem, which warned us that much more work should be done to prevent dysentery.
Some limitations of our study should be acknowledged. First, few factors that can affect transmission of dysentery such as the variability of pathogen, the mobility of population, changes of behavior and lifestyle, and different immune levels could not be included in our analysis. Second, underreporting bias is inevitable for diarrheal disease. Most notified cases were those with severe symptoms, who chose to visit doctors in a hospital. 31 Some people with mild clinical symptoms and self-treated cases might not seek medical help. This could lead to an underestimation of the burden of dysentery due to floods. Finally, we could only obtain monthly data from the NDSS. It would be better if daily data or weekly data were used to evaluate the association between floods and dysentery.
In conclusion, our study indicates that floods can significantly increase the risk of dysentery in the study area. Prolonged floods may bring a higher risk of dysentery than floods with a shorter period. Vulnerable groups, such as children and males should be paid more attention in public health responses to floods. Our findings have also significant implications for developing local strategies to prevent and reduce health impact of floods, given more extreme floods may occur in the future.
